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VASCULAR CLOSURE WITH SHAPE
MEMORY CHARACTERISTIC

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/716,182 (filed on Oct. 19, 2012),
which 1s 1incorporated herein by reference 1n 1ts entirety.

The present disclosure concerns devices and systems for
closing openings in vascular walls, such as those made 1n
blood vessels during catheterization procedures. In particu-
lar, 1t concerns devices and systems with internal anchoring
or secaling members that exhibit shape memory characteris-
tics.

BACKGROUND

A number of devices and techniques for closing a hole 1n
the side of a wall of a blood vessel made for intravascular
access or other purposes have been proposed. Foams, plugs,
caps and other structures have been developed for applica-
tion over or within such holes, to limit or eliminate blood
loss through such holes. In the realm of internal caps, seals
or toggles, such a piece must be iserted through the hole,
then retracted in an ornientation such that the cap, seal or
toggle will engage the vascular wall at points to the side of
the hole. Insertion usually occurs through a cannula or other
tube extending through the hole, and naturally 1n order to be
inserted through the tube and hole such an internal piece
must be smaller than the tube and hole during 1nsertion.

Several difficulties with using such systems exist. For
example, a compressed plug or cap forced mto a delivery
tube may be constrained by the tube, and therefore have a
significant amount of force or friction between the tube and
the plug or cap. Moving the plug or cap out of the tube 1s
accordingly diflicult. If a plug or cap 1s constrained 1n a
compressed condition by something other than the tube, 1t
may be easier to move the plug or cap out of the tube.
However, once out of the tube, the plug or cap may not be
oriented as desired, or may not properly extend or expand
following insertion, e.g. the constraint holding the 1tem 1n a
compressed state 1s not overcome. 11 the plug or cap does not
open suihliciently, 1t can be pulled back through the hole
rather than engaging against the vessel wall. Similarly, thin
or very flexible plugs or caps may not have suflicient
sturdiness to hold when pulled against the vascular wall,
resulting 1n unwanted eversion or pulling back through the
hole.

Accordingly, there 1s needed an internal seal or anchoring
member that 1s not only bioabsorbable and will securely
anchor a closure and/or seal a hole 1n a vascular wall, but
that will also regularly open or expand in an expected way
when placed 1n the blood vessel. Such an 1tem would address
the problems noted above, and perhaps others.

SUMMARY

Among other things, there 1s disclosed a vascular closure
device that includes an internal member for placement
within a blood vessel 1n the blood flow therein. The internal
member 1s of a material comprising polycaprolactone and
L-lactide 1 exemplary embodiments, and in particular
between approximately 27 to 38 percent polycaprolactone
and between approximately 62 and 73 percent L-lactide 1n
block copolymer form. The internal member has a first
unfolded or open configuration and a second folded or
closed configuration, and 1s adapted to hold the second
configuration without external force applied to 1t at a tem-
perature less than body temperature. The internal member 1s
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adapted to adjust toward the first configuration when heat 1s
applied to the internal member in the second configuration
suflicient to increase i1ts temperature to about 37 degrees
Celsius, e.g. when 1nserted 1nto the blood stream of a patient.
The mternal member exhibits shape-memory characteristics.

Specific embodiments of the material for the internal
member include between approximately 30 to 335 percent
polycaprolactone and between approximately 65 to 70 per-
cent L-lactide i block copolymer form by themselves or
with other substances, such as substances that do not sig-
nificantly aflect the shape-memory characteristics. The
material may include polycaprolactone and L-lactide 1n a
ratio of between approximately 3:7 and 7:13 with respect to
cach other. Examples of the first unfolded or open configu-
ration include the internal member being at least partially in
the shape of a dome, and/or having two opposing rim
portions each forming part of a circle or ellipse, and two
parallel side surfaces intersecting each of the rim portions.
Examples of the internal member can include a monolithic
stem extending proximally. Preferably, the device 1s adapted
to be placed 1n the body via a placement apparatus having a
lumen with an internal diameter, and when the internal
member 1s 1n the second configuration a dimension of the
member measured 1n a direction perpendicular to the stem 1s
less than the internal diameter of the lumen of the placement
apparatus. When the internal member 1s 1n the first configu-
ration, the dimension of the member may be greater than the
internal diameter of the lumen of the placement apparatus.

Embodiments of a vascular closure system are disclosed
that include a delivery tube having a longitudinal lumen with
a first diameter and a closure device including an internal
member for anchoring the closure device from within a
blood wvessel, wherein the internal member has a first
unstressed, normal or expanded condition and a second
stressed or compact condition. In the first condition, the
internal member has a width dimension greater than the first
diameter, and 1n the second condition the width dimension
of the mternal member 1s reduced so that the width dimen-
s1on 1s smaller than the first diameter. The second condition
1s held by the internal member without external application
of force. When the internal member 1n the second condition
1s moved from within the tube into a blood vessel 1n which
blood 1s flowing at body temperature, the internal member
moves from the second condition toward the first condition
without substantial absorption of tluid.

In particular examples, at least the internal member
includes a material comprising between approximately 27 to
38 percent polycaprolactone and between approximately 62
and 73 percent L-lactide in block copolymer form, such as
between approximately 30 to 35 percent polycaprolactone
and between approximately 65 and 70 percent L-lactide. The
material may be solely or essentially polycaprolactone and
L-lactide, so that specific embodiments may be approxi-
mately 30 percent polycaprolactone and approximately 70
percent L-lactide, or approximately 35 percent polycapro-
lactone and approximately 65 percent L-lactide. These or
other examples of matenials can include polycaprolactone
and L-lactide 1n a ratio between approximately 3:7 and 7:13
between them, and can be 1 block copolymer form. The
internal member in the first condition may be at least
partially dome-shaped, and/or may include two rim portions
that are substantially in the shape of at least part of an
cllipse, and first and second side edges that are parallel to
cach other and on either side of a center point, the first and
second side edges each intersecting the two rim portions.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view of an embodiment
of a closure device and system (not necessarily to scale)
according to the present disclosure. 5
FIG. 2A 1s a perspective view of a portion of the device
of FIG. 1.
FIG. 2B 1s a top plan view of another embodiment of a
closure device.
FIG. 2C 1s a side view of the embodiment of FIG. 2B. 10
FIG. 3A 1s a part cross-sectional view of an embodiment
as 1n FI1G. 1 with a closure device embodiment 1n a compact
configuration.
FIG. 3B 1s a part cross-sectional view of the embodiment
in FIG. 3A with a closure device embodiment in an 15
expanded configuration.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

20
For the purposes of promoting an understanding of the
principles of the disclosure, reference will now be made to
certain embodiments and specific language will be used to
describe the same. It will nevertheless be understood that no
limitation of the scope of this disclosure and the claims 1s 25
thereby intended, such alterations, further modifications and
turther applications of the principles described herein being
contemplated as would normally occur to one skilled 1n the
art to which this disclosure relates. In several figures, where
there are the same or similar elements, those elements are 30
designated with the same or similar reference numerals.
Referring now generally to the drawings, there 1s shown
an embodiment of a device for closing a bodily opening, 1n
the particular form of a vascular closure device 20. Closure
20 1n the illustrated embodiment includes an mnner anchoring 35
or secaling member 22, with an elongated member 24 extend-
ing from inner member 22. A delivery device 26 1s also
described for mnsertion of closure 20. Generally, inner mem-
ber 22 1s 1nserted through a lumen 28 of delivery device 26
that extends through a hole 1n a vessel, so that member 22 40
1s mside device 26 and elongated member 24 extends
proximally through and/or out of device 26. Examples of
such devices and structures (1including exemplary sealing or

anchoring members) are found in U.S. patent application
Ser. No. 13/111,338 (filed on May 19, 2011); Ser. No. 45

13/303,707 (filed on Nov. 23, 2011); 61/716,155 (filed on
Oct. 12, 2012) and 61/716,182 (filed on Oct. 12, 2012), all
of which are incorporated herein by reference in their
entireties.

Examples of inner member 22 1n two particular embodi- 50
ments are shown i FIGS. 2A and 2B. The embodiment of
inner member 22 shown i FIG. 2A 1s a substantially
dome-shaped element, having a wall 30 defining a rim 32, an
exterior convex surface 34 and an interior concave surface
36. Wall 30 can have a constant or varying thickness, for 55
example 1n certain embodiments having a maximum thick-
ness in the range of about 0.0050 inches to about 0.050
inches, and in a particular embodiment about 0.015 inches.

In the illustrated embodiment, the maximum thickness of
member 22 1s at and/or between the connection(s) with 60
clongated member 24, and the thickness decreases umni-
formly out to rnm 32. Inner member 22 1s part-spherical or
part-spheroidal in an open, natural or unstressed state (e.g.
FIG. 2A), having a substantially circular or oval-shaped (e.g.
clliptical) nm 32. Rim 32 1s substantially 1n one plane in this 65
embodiment, having little breadth. Exterior convex surface
34 and interior concave surface 36 are continuous in the

4

illustrated embodiment, and surface 36 i1s open and unob-
structed 1n an 1mitial expanded configuration. In particular
embodiments, surfaces 34 and 36 may have substantially the
same radii, so that the overall thickness of wall 30 1s
substantially constant, or may have differing radii, so that
they intersect or approach each other at (and wall 30 thins
toward) rim 32. A center point 38, where elongated member
24 meets iner member 22 1n this embodiment, may have a
tangent plane at exterior surface 34 that 1s substantially
parallel to the plane of rim 32.

An alternative toggle form of inner member 22' 1s shown
in FIGS. 2B and 2C 1n the form of a curved segment or
portion of a dome. In that embodiment, wall 30" defines a rim
32', an exterior convex surface 34' and an interior concave
surface 36'. Wall 30' can have a thickness as described above
with respect to the embodiment of wall 30. In the 1llustrated
embodiment, the maximum thickness of member 22' 1s at
and/or between the connection(s) with elongated member
24", and the thickness decreases uniformly out to rim 32'.
Inner member 22' 1s part-spherical or part-spheroidal 1n an
open, natural or unstressed state (e.g. FIGS. 2B, 2C), having
a rim 32' forming part of a substantially circular or oval
shape (e.g. an ellipse). The 1llustrated embodiment of mem-
ber 22' includes side surfaces 33' that are generally linear or
planar and oflset from the center of member 22'. In other
embodiments side surfaces 33' may be slightly convex,
having a different radius of curvature than rim 32'. Rim 32
1s substantially 1n one plane 1n this embodiment, having little
or no breadth. Member 22' has an exterior convex surface 34'
and an interior concave surface 36' which 1s open and
unobstructed. In particular embodiments, surfaces 34' and
36' may have substantially the same radi, so that the overall
thickness of wall 32' 1s substantially constant, or may have
differing radu, so that they intersect or approach each other
at (and wall 30' thins toward) rim 32'. A center point 38' may
have a tangent plane that 1s parallel to the plane of rim 32'.

Member 22 can be constructed so as to completely flatten
(e.g. surface 36 substantially conforming to surrounding
tissue) under stress as experienced aiter implantation, or so
as to not completely flatten under such stress (e.g. main-
taining an at least slightly concave surface 26 or arch) in use,
as discussed further below. Member 22 1n particular embodi-
ments 1s made of a material that 1s biocompatible and
naturally degrades 1n and/or 1s absorbed by the body (e.g.
material(s) that are broken down, dissolved and/or otherwise
disintegrated by the body or its fluids so that they do not
leave foreign material or require further procedures, as by
hydrolysis, enzymatic degradation, or other processes).

A class of material that the inventors have found to be
particularly useful in creating a dome-shaped inner member
22, 22" 1s polycaprolactone/L-lactide blends. These materials
include sturdiness and biodegradability that 1s desirable 1n
vascular closure systems. It has further been discovered that
particular ratios of polycaprolactone to L-lactide have par-
ticular advantages in that they provide advantageous shape-
memory properties in the context of vascular closures (e.g.
insertion into a blood environment). Compounds comprising
between about 30% polycaprolactone to about 70% L-lac-
tide and about 15% polycaprolactone to about 85% L-lactide
have been tested and shown to provide shape-memory
properties, holding a stressed form or configuration at a
lower temperature and resuming an unstressed form or
configuration 1 a warmer environment. In particular
embodiments, the compounds disclosed herein provide
members 22 that show not only an ability to maintain a
stressed form or configuration until warmed, but also have
compliance or softness qualities that allow for some bending




US 9,943,298 B2

S

and elasticity. Thus, 1n the stressed form or configuration
(c.g. folded as indicated below) at a lower temperature,
member 22 can be bent or flexed as opposed to nigid
maternals, and will return to the stressed form or configu-
ration. As noted, 1t 1s a warmer environment that changes the
member 22 back to and unstressed form or configuration.
The blends have been used in both their amorphous and
crystalline (block copolymer) forms.

In particular, it has been determined that a blend of
between about 27% and 38% polycaprolactone with the
remainder being L-lactide (1.e. about 73% to about 62%
L-lactide) 1n block copolymer form will provide advanta-
geous shape-memory characteristics that overcome existing
problems, and provide advantages in preparing and using
vascular closures. Particular blends of about 35% polycapro-
lactone with about 65% L-lactide and of about 30% poly-
caprolactone with about 70% L-lactide have each been
tested by the inventors and found to exhibit the usetul
properties noted below. Accordingly, 1t 1s believed that a
blend of at least 27% polycaprolactone with the remainder
being L-lactide 1s beneficial for the purposes noted herein.

In testing prototype anchoring members, the iventors
unexpectedly observed shape memory characteristics in the
anchoring members substantially as shown 1in FIG. 2B. The
blends noted above were used in preparing and testing
anchoring members. Examples of such anchoring members
were folded substantially in half toward a stem (e.g. a shape
akin to a taco shell 1n round or elliptical embodiments of the
anchoring member, indicated 1n FIG. 3A). The anchoring
members made with the blends noted above retained that
folded shape provided by the stress of folding. They were
loaded 1nto a delivery tube, and maintained that folded shape
within the tube. They demonstrated the advantage of being
casily slid along delivery tube, since the anchoring members
did not expand within the tube so that the tube exerted a
constraiming force (with resultant friction during insertion)
on them. The anchoring members maintained the folded or
compact condition until immersed into warming fluid. When
deployed during testing into a fluid having a temperature of
about 36 degrees Celsius to about 44 degrees Celsius, e.g.
approximately the normal temperature of blood within a
patient, the anchoring members prepared as noted above
evenly opened from its folded “taco” shape and returned to
a molded dome shape.

It 1s believed that the anchoring members return to the set
molded shape (e.g. FIGS. 2A-2C, 3B) as a result of the
particular polycaprolactone/L-lactide blends noted above.
For example, testing demonstrated that the best exhibition of
the characteristics of holding form 1 a folded or other
stressed configuration and expanding when warmed was
found 1n the above-described blends of those substances.
The stresses placed on the blended material during molding
and/or folding are believed to contribute to the holding
characteristic. Injection molding of the polycaprolactone/L-
lactide blends noted above, in the small molds needed for
internal sealing or anchoring members as described herein,
results 1n highly-oriented polymer molecules. Cooling fol-
lowing the molding also helps set the polymer 1n a desired
form. The members allow bending or folding at about room
temperature or lower to be held. The application of heat to
the folded members 22, 22' with their molecular orientation
1s believed to be the factor that allows them to change from
the compact or folded state to the expanded 1nitial state. The
polycaprolactone does not permit significant absorption of
water into 1tem 22, 22', and so absorption does not appear to
cause a resumption of an 1mitial shape, and item 22, 22" 1s not

10

15

20

25

30

35

40

45

50

55

60

65

6

swelled or otherwise altered 1n thickness or weight in the
insertion and shape-change process.

One advantage of such a behavior in the anchoring
member 1s that 1t makes placement easier and reduces or
climinates likelihood of the anchoring member pulling out
through a vascular hole during placement. Thinness or
flexible characteristics of a sealing closure can result 1n the
member not maintaining a folded condition mside a delivery
tube, but expanding within 1t to press against, and be
restrained by, the imterior surface of the tube. Such expan-
s1ion within the tube creates friction or forced engagement of
the anchoring member with the tube, and such force or
engagement must be overcome when moving the anchoring
member out of the tube. There can also be a risk that a folded
internal anchoring or sealing member will not open as
desired 1n the vessel. When the internal member 1s retracted
so that 1t contacts a portion of the vessel, if 1t 1s not expanded
substantially from 1ts folded condition, its profile can allow
it to slip through or widen the vascular hole. In such cases,
it 1s necessary to msert a new closure, and may result 1n loss
of blood or other complications.

By using mner members as disclosed herein, with mate-
rial (such as that described previously) that 1s resorbable and
exhibits shape-memory characteristics by maintaining a
stressed or compact configuration substantially below body
temperature and returning to an 1nitial expanded (unstressed)
configuration when warmed to or toward body temperature,
an anchoring member using such material begins expansion
when placed 1n the warming blood stream. The ability to
remain folded and reduce friction or contact with the inside
of the delivery tube 1s combined with reliable expansion to
a desired 1n1tial configuration (e.g. a sturdy dome-like shape)
on 1nsertion into the warm bodily environment. The chance
that the anchoring member remains folded when retracted
against the vascular wall 1s reduced or eliminated, resulting
in greater chance of success and less likelihood of compli-
cations for the closure procedure.

The elongated member 24, 24' 1n the embodiments of
FIGS. 2A-2C are stems, 1.€. one particular stem for or as a
part of each elongated member connected to anchoring or
sealing member 22. Stem 24 extends from the concave
interior of member 22, 1n particular embodiments joining
member 22 at or near center point 38. In certain embodi-
ments, stem 24 1s of the same material as member 22, and
1s molded with member 22 as a unitary or monolithic piece.
Stem 24 permits connection to a filament (not shown) that
extends proximally and guides a locking member, buller
material, or other pieces for use with system or device 20. In
other embodiments, an elongated 24 may be a flexible suture
or other filament engaged to member 22, with properties
akin to a stem to allow holding of member 22 against the
vessel.

An example of the use of member 22 1n closing a hole 1n
a blood vessel wall 1s discussed below. It will be understood
that similar or 1dentical devices can be used 1n treating other
tissues, afllictions, wounds or the like.

As indicated 1n FIG. 3A, anchoring or sealing member 22
1s folded or compacted and 1s placed in the lumen 28 of
delivery device 26. Within device 26, member 22 maintains
its compact configuration. While 1t may touch device 26
during normal use, member 22 does not expand within
device 26 to press against 1ts internal diameter, 1.¢. the wall
surrounding lumen 28. When device 26 is placed through a
hole to be closed 1n a vessel wall V (FIG. 3B), member 22
1s moved out of device 26 so that member 22 1s within the
flow of blood within the vessel. The rise in temperature 1n
member 22 generated by the blood tlow results in member
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22 changing shape from the compact configuration (e.g.
FIG. 3A) to the mmtial expanded configuration (e.g. FIG.
3B). The expanded member 22 1s then retracted so that 1t
contacts a portion of the vascular wall around the hole, and
1s anchored 1n place. As noted above, additional pieces and
steps for such anchoring or locking are noted 1n applications
incorporated herein by reference.

While the disclosure has been illustrated and described in
detail 1n the drawings and foregoing description, the same 1s
to be considered as illustrative and not restrictive in char-
acter, 1t being understood that only certain specific embodi-
ments have been shown and that all changes and modifica-
tions that come within the spirit of the disclosure are desired
to be protected. It 1s to be understood that features described
with respect to one embodiment or aspect of the disclosure
can be used with other embodiments or aspects of the
disclosure.

What 1s claimed 1s:

1. A vascular closure device, comprising

an internal member for placement within a blood vessel in

the blood flow therein, the internal member being a
curved segment of a dome having first and second rim
portions, an exterior convex surface and an interior
concave surface, and first and second planar side sur-
faces between the rim portions and oflset from a center
of the internal member,

wherein the internal member 1s of a material comprising

between approximately 27 to 38 percent polycaprolac-
tone and between approximately 62 and 73 percent
L-lactide 1n block copolymer form, wherein the internal
member has a first unfolded or open configuration and
a second folded or closed configuration, the internal
member adapted to hold the second configuration with-
out external force applied to 1t at a temperature less than
body temperature, and wherein the internal member 1s
adapted to adjust toward the first configuration when
heat 1s applied to the internal member in the second
configuration suflicient to increase its temperature to
about 37 degrees Celsius.

2. The device of claim 1, wherein the material comprises
between approximately 30 to 35 percent polycaprolactone
and between approximately 65 to 70 percent L-lactide 1n
block copolymer form.

3. The device of claim 1, wherein the material consists
essentially of approximately 30 to 35 percent polycaprolac-
tone and between approximately 65 to 70 percent L-lactide
in block copolymer form.

4. The device of claim 1, wherein 1n the first untfolded or
open configuration, the rim portions each form part of a
circle or ellipse having respective concave curvatures
around a line through the center point, and the first and
second planar side surfaces intersect each of the rim por-
tions.

5. The device of claim 1, wherein the material comprises
polycaprolactone and L-lactide 1n a ratio of between
approximately 3:7 and 7:13.

6. The device of claam 1, wherein the internal member
includes a monolithic stem extending proximally.

7. The device of claim 6, wherein the device 1s adapted to
be placed via a placement apparatus having a lumen with an
internal diameter, and wherein 1n the second configuration a
dimension of the mternal member measured 1n a direction
perpendicular to the stem 1s less than the internal diameter
of the lumen of the placement apparatus.
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8. The device of claim 7, wherein 1n the first configuration
the dimension of the internal member 1s greater than the
internal diameter of the lumen of the placement apparatus.

9. The device of claim 1, wherein the first and second
planar side surfaces have a concave curvature and intersect-
ing each of the rim portions, wherein the concave curvature

of the first and second planar side surfaces has a smaller
radius of curvature than the interior concave surface.

10. A vascular closure system, comprising;:

a delivery tube having a longitudinal lumen bounded by
a wall with a first inner diameter;

a closure device including an internal member for anchor-
ing the closure device from within a blood vessel,
wherein the internal member has an internal concave
surface, a first unstressed expanded condition and a
second compact condition,

wherein at least the internal member comprises a material
comprising polycaprolactone and L-lactide 1n a ratio
between approximately 3:7 and 7:13,

in the first condition the internal member has a width
dimension greater than the first inner diameter,

in the second condition the mternal member 1s folded so
that the width dimension 1s smaller than the first inner
diameter, the second folded condition being held by the
internal member without external application of force,
wherein the internal member 1n the second folded
condition does not expand within the delivery tube to
press against the wall of the delivery tube and 1is
movable longitudinally through the lumen and into a
vessel,

and wherein when the internal member 1n the second
condition 1s moved from within the delivery tube into
a blood vessel in which blood 1s flowing at body
temperature, the internal member moves from the sec-
ond condition toward the first condition without sub-
stantial absorption of fluid.

11. The system of claim 10, wherein the material com-
prises between approximately 27 to 38 percent polycapro-
lactone and between approximately 62 and 73 percent
L-lactide in block copolymer form.

12. The system of claim 11, wherein the material com-
prises between approximately 30 to 35 percent polycapro-
lactone and between approximately 65 and 70 percent
[-lactide 1n block copolymer form.

13. The system of claim 12, wherein the internal member
consists essentially of polycaprolactone and L-lactide.

14. The system of claim 12, wherein the internal member
consists of polycaprolactone and L-lactide.

15. The system of claim 10, wherein at least the internal
member consists essentially of approximately 30 percent
polycaprolactone and approximately 70 percent L-lactide.

16. The system of claim 10, wherein the internal member
in the first condition 1s at least partially dome-shaped.

17. The system of claim 16, wherein the internal member
includes two rim portions that are substantially 1n the shape
ol at least part of an ellipse and having respective concave
curvatures, and first and second side edges that are parallel
to each other and on either side of a center point, the first and
second side edges each intersecting the two rim portions and
the curvatures are around a line through the center point.

18. The system of claim 10, wherein the matenial 1s 1n
block copolymer form.
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